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Introduction
The resonance parameters of the Z boson provide both fundamental inputs to the Standard Model of electroweak interactions, and sensitive tests of the predictions of the theory. During the 1991 running of LEP, the ALEPH detector collected 12:0 p b 1 of integrated luminosity. These data provided approximately 330,000 fermion pairs which are used to determine the resonance parameters of the Z. The large increase in statistics over the previous ALEPH publications [1] allows a more precise determination of all these parameters.
This publication contains the analysis based on the total sample of 520,000 fermion pairs collected by ALEPH at LEP. Only the dierences between the present analysis and the analysis described in previous publications will be discussed below. Details of the analysis can be found in [1] .
Cross Section and Asymmetry Measurements
The ALEPH detector was upgraded in 1991 to include a silicon vertex detector surrounding the beampipe, and a second layer of muon detectors on the outside of the detector. The selections for hadronic and leptonic events were not changed from those in [1] . The increased material between the beampipe and the TPC results in a higher + background for the hadronic event selections, and a decreased eciency (about 1%) for the + event selection, while the second layer of muon detectors increases the selection efciency for + events. These changes did not modify the estimated systematic errors for the hadron and lepton selection eciencies.
In the + selection, several components of the systematic error are limited by the statistical precision of the data sample. The additional data from 1991 were used to reevaluate these errors, resulting in a total systematic uncertainty of 0.6% for the + selection (compared to 0.9% in 1990 [1] ). The systematic uncertainties for the other event selections are the same as in [1] : 0.2% for the hadronic selection, 0.4% for the e + e selection, 0.5% for the + selection, and 0.4% for the avour independent lepton selection (common lepton method).
The determination of the absolute luminosity is described in detail in reference [2] . The systematic error on the determination of the absolute luminosity w as reevaluated using a new Monte Carlo program BHLUMI [3] . BHLUMI is a multi-photon O() generator with exclusive exponentiation. In addition, events were simulated with the rst-order generator BABAMC [4] , used previously [2] corrected with the higher order generator LUMLOG [5] . The absolute cross sections derived from the two generators are the same (within one sigma statistically), however, BHLUMI more closely reproduces the data in terms of the energy distributions. For this reason, BHLUMI is used to measure the cross section and to evaluate the systematic errors. The contribution of terms containing Z exchange was calculated using BABAMC. The total theoretical error on the absolute luminosity is estimated to be below 0.3% [6] Figure 1 shows the total energy distribution for data and the BHLUMI simulation where all selection requirements other than total energy requirement h a v e been applied to the data. As a result of the better agreement of BHLUMI and the data, the uncertainties due to the energy and requirements are slightly reduced with respect to 1990. The dominant error resulting from the ducial boundary denition has also been reduced to 0.32%. Adding the systematic errors in quadrature results in an overall experimental uncertainty of 0.45% compared to the systematic uncertainty of 0.6% previously cited [2] . Combining the theoretical and experimental uncertainties results in a total uncertainty on the absolute luminosity o f 0 : 55%.
In order to reduce the statistical error on the relative luminosity at dierent energies, a Bhabha selection with a larger acceptance is used. This selection is an extension of the method used to determine the absolute luminosity described in ref [2] . In the standard selection, it is required that one of the Bhabha candidates lies within a tight ducial region and the other candidate lies within a loose ducial region of the detector. In the higher statistics method, this requirement is relaxed by only demanding that one Bhabha candidate lies within the loose ducial region, while the other candidate is not required to be in any ducial region. The cross section for these events is approximately 1.5 times as large as for events used in the absolute luminosity determination. The overall luminosity from this larger acceptance sample is scaled to the absolute luminosity measurement described above. Even though the limited knowledge of the geometry and material at the inner edge of the detector compromises the determination of an absolute luminosity in the higher statistics method, these uncertainties are independent of the center of mass energy, so that the rescaled values may be used for the relative luminosity. The statistical uncertainty in the normalization of the absolute and relative luminosity measurements is added in quadrature with the systematic error on the absolute luminosity determination leading to an overall error of 0:56% on the relative luminosity determination. Relative luminosities were calculated for the 1990 and 1991 data.
The measured cross sections for the hadron and lepton selections are shown in Table 1 . Because of the use of the relative luminosity for the 1990 data, as well as an improved estimate of the LEP machine energies for the 1990 period [7] , new values are given for the 1990 cross sections superseding the previous ALEPH cross sections [1] . For both the 1990 and 1991 data, the cross sections are for events for which the invariant mass of the Z decay products after initial-state radiation ( p s 0 ) is greater than 10% of the centre-of-mass energy. F or lepton events, this is changed from [1] where the cross sections correspond to events with p s 0 greater than twice the lepton mass. These cross sections also contain a correction for the 51 5 MeV spread in the LEP center-of-mass energy. In this table only the statistical errors (including the statistical error for the luminosity measurement) are included. The hadronic cross section data are plotted in Figure 2 .
The forward-backward asymmetry in the lepton pair data is obtained by performing a t to the lepton angular distribution with the function [8] 
where F(cos ) corrects for the t-channel contribution in the e + e distribution, and is unity for the other lepton angular distributions. Plots of the asymmetries as a function of centre-of-mass energy are shown in Figure 3 , and given numerically in Table 2 . shown. The lower plot shows the ratio of the measured points to the best t values. 3 Results for Lineshape Parameters
The denitions of the lineshape parameters used here are those of ref [9] . In order to extract the parameters from the observed cross sections for hadrons and leptons, a modelindependent description of the lineshape is used [10, 11, 12, 13] . The computer program MIZA [14] is used to t the cross sections. The tting program was modied this year to include the eect of initial state pair creation [15] . This correction results in a 0:3% increase in the tted peak cross section, a 2.4 MeV decrease in the total width, and a 1.5 MeV decrease in the Z mass. The LEP energy errors were introduced into the tting procedure taking into account the correlations in the energy measurement errors among scan points, and between the 1990 and 1991 data.
Four Parameter t
Two ts to the cross section data are used to determine the resonance parameters. In the rst, the hadronic, + , and + cross sections are used at all energy scan points, while the e + e cross section data are only used for scan points where j p s M Z j < 1:5 GeV in order to reduce the uncertainty resulting from t-channel subtraction. As a check, the ts are repeated using the hadronic cross sections at all points, and the common lepton sample for points with j p s M Z j < 1:5 GeV. In both ts, a 2 minimization is performed assuming lepton universality, and including all systematic errors. In this case, four resonance parameters are extracted: the Z mass M Z , the total width Z , the peak hadronic cross section 0 had , and the ratio of hadron to lepton partial widths R` had = `.
The results of the ts for the combined 1989, 1990, and 1991 data are shown in Table 3 . The correlation matrix for the t is found in the appendix. The parameter R`is the most sensitive for evaluating the dierence between the results for the common lepton and individual lepton data. The common lepton data result in a value of R`= 2 0 : 690:13 which can be compared to the value from the individual lepton data R`= 2 0 : 78 0:13.
The dierence between the two measurements is R`= 0 : 090:07 where the correlation between the event samples has been taken into account. lepton data will be presented. From the t parameters, it is possible to derive additional parameters: the partial widths for leptons ( `) and hadrons ( had ), the branching ratios for leptons and hadrons, and the invisible width dened as inv = Z had 3 `. The results for these parameters are also shown in Table 3 . From the measured value of inv = `= 5 : 910:11, and using the value of `= obtained from the electroweak theory as in Figure 4 shows the probability contours for the two parameters given by the t along with the Standard Model prediction for 3 light neutrino generations. The main uncertainty in the prediction shown for the Standard Model arises from the uncertainty on the strong coupling constant s . The dependence of R on s , using the third-order expansion in s in the MS scheme, is [16] R`= R ( 
Six Parameter t
Without the assumption of lepton universality, a t to the individual lepton data yields six parameters, M Z , Z , 0 had , and R e ; R ; R , the ratio of the hadronic partial width to the partial widths for each individual lepton species. The results of the six parameter t to the 1989-1991 data sample are shown in Table 4 .
The agreement b e t w een R e ; R ; R provides a test of lepton universality at the level of 2%. Also shown in the table are the values for the partial widths, branching ratios, and peak cross sections for the individual lepton species which are derived from the t parameters.
Systematic Errors
The systematic errors which are included in the above results come from three main sources:
the uncertainty in the LEP energy measurement, the systematic errors in the eciencies of the hadronic and leptonic selections, the systematic error in the luminosity measurement o f 0 : 56%.
The LEP energy error has four components: an absolute error, an error in reproducibility of the energy setting, an uncertainty in the relative energy scale, and an un- Table 5 : Statistical and systematic errors on the resonance parameters for the combined 1989-1991 data.
correlated point-to-point energy uncertainty. The rst two of these errors have been reduced for data taken during the 1991 energy scan by the measurement of the absolute energy using resonant spin depolarization at 92 GeV [17] . The absolute center-of-mass energy for this period is known to 5:7 10 5 with a reproducibility o f 1 10 4 . F or 1991 data taken before the energy scan, the error on the absolute center-of-mass energy is 20 10 5 , and for 1990 data the error is now estimated to be 29 10 5 [7] . This error contributes directly to the measurement o f M Z but not to the width measurements. Table 5 shows the contribution of the systematic errors coming from the LEP energy uncertainty, the luminosity uncertainty, and the combined uncertainties of the hadronic and individual leptonic selections. Only the hadronic peak cross section, the number of neutrino species, and M Z are systematically limited with the current data sample.
Fits to Lepton Asymmetries
The forward-backward asymmetries of the lepton channels as a funtion of center-of-mass energy are used to determine the eective coupling constants g V (M 2 Z ) and g A (M 2 Z ). The data are t to the formulae given in ref. [1] which include corrections for: QED initial and nal state radiation, interference between initial and nal state radiation, running QED coupling constant, and the imaginary part of the photon propagator [18, 19, 20] . 
The variation of the asymmetry away from the Z peak depends mainly on g Ae g A`a nd removes the ambiguity in magnitude between g V`a nd g A`a s does the QED-corrected No P constraint Table 6 : Peak asymmetries and eective v ector and axial-vector coupling constants for e, , and separately, and assuming lepton universality. Also given are the same results using the added constraint o f polarization.
partial width for leptons
The t to the 1989-1991 data assumes lepton universality, and uses the resonance parameters from the four-parameter t to the individual lepton data as a constraint. In the e + e channel, only the points with j p s M Z j < 1:5 GeV are used in the t. The ts are repeated without assuming lepton universality, using the results of the six-parameter t. In this case, couplings are extracted for each of the individual lepton species. Improved results for the couplings are obtained by using the ALEPH measurements of the couplings of the and electron from polarization [21] as constraints. The results are summarized in Table 6 and plotted in gure 5, which shows the observed probability contours for the coupling constants along with the Standard Model predictions for the couplings. The results are in agreement with lepton universality. W such that it includes all deviations from the tree-level couplings (except for initial and nal state photon radiation which are included in the tting procedure [1] ). This denition which is the preferred denition of ref [9] It is possible to improve the ALEPH measurement of sin 2 eff W from asymmetries by including the results of the ALEPH analysis of the quark charge asymmetry [22] , the tau polarization [21] , and the bb and c c forward-backward asymmetries [23] . These results are shown in Figure 6 shows the probability contours comparing sin 2 eff W from the asymmetry measurements with `. The Standard Model prediction is in agreement with the data, and these data can be used to rule out certain models, for example, the prediction for one generation of technicolor [24] is shown in Figure 6 and is excluded at the 90% condence level. The results presented here are consistent with those of previous measurements [1, 29] and no discrepancies are found with the Standard Model. 
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